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Concerning the nature of the mosaic disease, many important 
facts have been published from time to time, both in America and 
in Europe. However, from the published accounts of earlier 
investigators, especially in Europe, it is now known that various 
pathological appearances entirely distinct from the true mosaic 
have been ascribed to this disease. In reviewing the literature 
of the subject one is at once impressed with the contradictory 
conclusions reached by different investigators and the conflicting 
results frequently obtained in their individual experiments, which 
oftentimes indicate that the controls were quite as subjec¢ to the 
disease as plants inoculated with the virus. Unquestionably, 
these discrepancies to a great extent can readily be accounted 
for in the light of facts recently brought out by the writer (59, 
64)* regarding insect agencies which may become active dis- 
seminators of infection and which have heretofore been overlooked 
in a study of the disease. 

After several years of careful investigation, Iwanowski and 
Polowzoff (4) concluded that the term ‘* Mosaikkrankheit” had 
frequently been used to cover two very distinct diseases, i. e. 
true, infectious mosaic and ‘“ Pockenkrankheit.”” Mayer con- 
sidered ‘‘Pockenkrankheit” simply a later phase of true mosaic 
and thus associated the two diseases under the term ‘‘ Mosaik- 


* The serial numbers in parentheses used in this paper refer to the “Index to 
the literature of mosaic,’’ page 453. 
(The BULLETIN for August (41: 391-434. pl. 15-20) was issued 25 Au 1914.] 
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krankheit.”” Likewise Koning, Heintzel, and Beijerinck failed 
to distinguish clearly between the two diseases. The published 
accounts of Prillieux and Delacroix, Marchal, Goutiére, Perreau, 
and Bouygues indicate that in many instances these investigators 
had confined their attention entirely to ‘“‘Pockenkrankheit”’ or 
some other leaf-spot disease. This failure to distinguish the true 
mosaic disease from various other pathological troubles finally 
led to considerable confusion as to the bacterial nature of the 
trouble supposed to be the true infectious mosaic disease described 
by Mayer. 

Dr. Adolf Mayer (2), Director of the Experiment Station at 
Wageningen, Holland, appears to have given in 1886 the first 
scientific account of the mosaic disease of tobacco, terming it 
“*Mosaikkrankheit,’’"* whence the common term ‘“ mosaic” for 
this disease. Although Mayer failed to distinguish between this 
disease and ‘‘ Pockenkrankheit,” his accurate description of various 
facts and symptoms of the disease with which he worked identifies 
the first phase without question as the true mosaic disease affecting 
American tobacco. The more important facts brought out by 
Mayer may be briefly stated as follows: 

He first proved that the disease was communicable by artificial 
inoculation; that the sap of healthy plants was not infectious; that 
an incubation period of 10 or 12 days preceded the first observable 
symptoms; that the disease was persistent, appearing ultimately 
in all immature growing parts of affected plants; that diseased sap 
filtered once through filter paper still retained its virulence; that 
sap sufficiently heated lost its virulence; and that the seed of 
affected plants did not carry the disease to the next generation. 

Mayer failed to produce the disease in other solanaceous plants. 
Further, he found that liming, crowding the plants, sudden atmos- 


* According to Hunger, J. H. Swieten, as a resuit of investigations of a disease 
of tobacco in the Opper-Betuwe, possibly gave the first account of mosaic in 1857. 
Among the tobacco growers the disease was known as “‘rost,’’ a term at the present 
time usually applied to the mosaic disease. 

In the year 1866 Swieten spent several months in Cuba in connection with prob- 
lems relating to tobacco culture, but did not mention the mosaic disease as occurring 
here. See De tabaksteelt te Elst en omstreken in de Opper-Betuwe. Tijdschrift 
ter bevordering van Nijverheid, 1857, tweede reeks, Deel 5, pp. 147-167, and Besch- 
rijving van te teelt en bereiding van de Cuba-tabak. Tijdschrift voor Nijverheid en 
Landbouw in Ned-Indie, 1866. Deel XII, pp. 235-316. 
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pheric changes, unfavorable conditions of whatever sort affecting 
the roots, i. e., mechanical injury, nematodes, parasitic fungi, etc., 
were not in any way responsible for the origin of the disease, im- 
portant conclusions which several workers in the United States 
seem not to have known. He recognized the sporadic occurrence 
of the disease in the field, and finally concluded that its spread 
must be through the soil, both in the field and in the seed bed. 
He recognized the fact, however, that a transfer of the disease by 
means of the soil had never been proved. It is plainly indicated 
that Mayer held the soil in some way responsible for the origin of 
the disease, since he advised renewal of soil in hotbeds, crop 
rotation, removal of the stubs of mosaic plants, the use of chemica] 
rather than animal manures, etc. Although Mayer did not isolate 
any organisms responsible for the disease, he finally concluded 
that it was of bacterial origin. 

In 1892 Iwanowski (7) brought out additional important facts 
relative to the mosaic disease and confirmed many of the conclusions 
of Mayer. He, like Mayer, found that the sap of mosaic plants 
produced the disease in healthy plants and also that it lost its 
virulence when heated nearly to the boiling point. His results 
with filtered sap did not agree with the conclusions of Mayer, who 
stated that twice filtering through common filter paper rendered 
the diseased juice innocuous. On the contrary, Iwanowski found 
that the sap retained its virulence even after it had been filtered. 
In agreement with Mayer, Iwanowski also held the view that the 
disease was bacterial or parasitic in its nature. He did not, how- 
ever, isolate any organism specifically connected with the disease, 
although he claims to have seen such organisms in the tissues 
of affected plants. 

In 1894 two French investigators, Prillieux and Delacroix (8) 
described a tobacco trouble occurring in France, which they 
believed to be the true mosaic disease. Its presence was indicated 
on the leaves by the occurrence of spots in which they found a 
motile bacillus united in chains. It appears, however, that the 
disease described by these investigators was entirely distinct from 
the true mosaic of Mayer. 

In 1897 Marchal (9) published a paper, ‘‘La mosaique du 
tabac.”’ * He stated that the leaves of affected plants became 
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covered with grayish spots in the tissue of which he found a motile 
bacillus which imparted a yellow color to culture media. He also 
reproduced this disease in healthy plants by experimental inocula- 
tion. Marchal found the disease prevalent in seed beds, especially 
those rich in organic matter. He recommended renewal of the 
seed beds and sterilization as practical methods of control. The 
malady described by Marchal appears not to have been the true 
mosaic disease at all. In all essential points the disease appears 
to be the same trouble that was previously mentioned by Prillieux 
and Delacroix (8). 

In 1898 Beijerinck (10) published additional facts and observa- 
tions regarding the true mosaic disease. He found that diseased 
sap so filtered as to be entirely free from bacteria still retained its 
power to infect healthy plants, in this respect confirming Iwan- 
owski (7). He showed that a very minute quantity of this 
filtered juice produced ‘the disease in immature, growing tissues. 
He held that dried mosaic material retained its infectious properties 
for some time, and, likewise, that it was not rendered innocuous 
by remaining in the soil throughout the winter. Like Mayer (2) 
and Iwanowski (7), he found that heating mosaic virus to the boiling 
point rendered it harmless. He proved that the virus traveled con- 
siderable distances in plants but produced obvious symptoms only 
in immature tissues. Beijerinck claimed that the soil around dis- 
eased roots may infect healthy roots and that plants in some in- 
stances apparently recovered from the disease temporarily. 
Previous to the work of Beijerinck all investigators of the disease 
were strongly inclined to establish a bacterial origin for it, although 
at that time no direct proof had been obtained. Beijerinck, on 
the other hand, obtaining only negative evidence with regard to 
bacteria, advanced his theories along somewhat different lines. 
He assumed that the virus must be an unorganized material, 
fluidlike in its nature, and capable of symbictic growth in the 
presence of living cells. Just what Beijerinck wished to convey 
by these vague and indefinite terms it is rather difficult to conclude, 
although it would appear as if he were foreshadowing the enzy- 
matic theory of mosaic diseases, a theory which later was developed 
more fully. 

Shortly after Beijerinck (10) published his results, Sturgis (16) 
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in Connecticut presented a careful account of the mosaic or 
‘“‘calico”’ disease as it occurs around Hartford, Connecticut, 
together with a summary of work done by foreign investigaters 
up to that time. He concluded that ‘“mottled-top” was a less 
pronounced phase of ‘‘calico”’ developing in nearly mature plants. 
He likewise proved conclusively by growing seedlings from the 
seed of calicoed plants that the disease is not transmitted through 
the seed. From his extended observations in the Connecticut 
Valley, Sturgis found that calico was very sporadic in its occur- 
rence and that it could not be attributed to parasitic fungi, 
nematodes, insects, mechanical injury of the roots, cultivation, 
etc. He was finally led to believe that the disease was purely 
physiological, as the following paragraphs of his summary indicate: 

(2) ‘The disease occurs abundantly in some localities, notably 
on the close, clayey soils on the east side of the Connecticut 
River; sparingly in other localities, where the soil is open and 
porous. 

(7) ‘“‘It seems probable that the disease is purely a physio- 
logical one, caused primarily by sudden changes of atmospheric 
conditions which disturb the normal balance between evaporation 
of water from the leaves and its absorption by the roots, and 
secondarily by soil conditions which prevent the speedy restoration 
of that balance. This supposition is supported by numerous 
facts.” 

In 1899 Sturgis (17) published the results of various liming and 
shading experiments as a preventive of calico, and as additional 
proof of the supposed physiological origin of the disease. In this 
paper he concludes ‘‘that shading may reduce the amount of 
calico, there seems good reason to believe”; and, with respect to 
liming the soil, ‘‘that the use of lime may not, in all cases, exercise 
the deleterious effect on tobacco that some growers suppose it to, 
and that there is some reason for thinking that its use may tend to 
decrease the prevalence of calico.”’ 

As already shown, Beijerinck (10), in somewhat uncertain 
terms, seemed inclined to place the inciting cause of the disease 
somewhere between parasitic and non-parasitic agencies. Sturgis 
(17) completed the step and was the first to regard the disease as a 
purely physiological response to particular soil and climatic factors. 
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He did not, however, attempt to determine the exact nature of this 
response in affected plants. 

In the Verslag omtrent den staat van ‘Slands Plantentuin te 
Buitenzorg over het jaar 1899 (19, pp. 73-78)the supposed bacterial 
nature of mosaic is discussed. Cultures of various organisms 
supposed to be responsible for mosaic were isolated from the 
tissues of such plants. These were inoculated into healthy plants, 
but with somewhat uncertain results. In many cases it was stated 
that only a slight indication of the disease followed, which, with 
the further development of the plants, often disappeared entirely. 
This was explained on the grounds that obscure conditions of one 
sort or another had weakened the virulence of the cultures. 

It was shown that the so-called “‘ wit kop”’ was simply a manifes- 
tation of mosaic. It was stated that sprinkling the virus upon 
healthy plants produced disease, as did placing finely cut mosaic 
material beneath the roots at transplanting. Sprinkling mosaic 
sap upon the soil ten days before transplanting, and working it 
into the soil did not produce mosaic. 

Mosaic material was dried in the sun ten days and worked 
lightly into the soil. Other plots were similarly treated with 
mosaic material dried in the shade. It was stated that some 
mosaic followed each operation. In such tests, however, it may 
be said that there is no very certain means of determining to what 
extent this treatment of the soil was actually responsible for the 
disease until controls are taken into consideration. It is a well- 
known fact that mosaic may be prevalent in a field quite inde- 
pendently of any test. 

Raciborski (19) in 1898-99 reported the results of his work 
with mosaic. He examined microtome sections of the leaves and 
stems of mosaic plants for bacteria, but found no evidence of 
organisms either in the cells or intercellular spaces. He deter- 
mined the effects of different temperatures, exposure to the sun, 
etc., upon the virulence of the sap of mosaic plants. Some of his 


conclusions were as follows: 

Mosaic sap did not lose its virulence when heated 5 minutes 
at 62° C. When heated one minute at 100° C. the sap still pro- 
duced mosaic after 10-14 days. The virulence was lost entirely, 
however, when the sap was heated 15 minutes at 100° C. 
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When the virus was exposed to the sun in broad, shallow glass 
vessels for one day it was not rendered inert. An exposure for 4 
or 5 days, however, destroyed its infectious nature. He concludes 
from this that exposure of the uppermost layers of the soil in the 
seed bed to the sun, will afford a practical and efficient means by 
which the planter can rid his soil of mosaic infection. 

Mosaic sap lost its virulence when treated with potassium 
permanganate. Mosaic sap was treated with basic lead acetate 
and filtered, and the filtrate freed of lead with H.S. Air was 
forced into the solution to remove the H.S. The solution was then 
neutralized and sprinkled upon healthy plants. It appeared that 
the virulence was lost. 

Water was then added to the precipitate obtained by adding 
basic lead acetate to the original virus. The lead was removed 
with H.S, and this likewise was then driven off as before. The 
filtrate obtained, after filtering, was neutralized, and sprinkled 
upon healthy plants. The virulence was also lost. 

A water extract was obtained from mosaic leaves dried in the 
shade. This solution was virulent when sprinkled upon plants. 

Shade-dried mosaic material was then extracted with cold 
alcohol of 98 per cent. This extract was evaporated at 70° C. 
Water was added to the solid material and sprinkled upon healthy 
plants. The virulence was lost. 

It appears that Raciborski tested the virulence of the mosaic 
sap following the different treatments by sprinkling it upon the 
leaves of healthy plants. As this method of inoculation is some- 
what uncertain, however, conclusions based upon such inoculations 
are Open to question. 

In 1899 van Bijlert (20) mentions the occurrence of mosaic in the 
vicinity of the experimental station at Tandajong, Morawa. In 
one instance a narrow path one meter wide was a sharply dividing 
line between a field of tobacco which became badly mosaic and 
the experimental field which remained free from the disease. 

From the fact that coolies did not work in the experimental 
field, van Bijlert is of the opinion that this largely accounts for the 


freedom of this field from mosaic, although surrounded on all — 


sides by mosaic plants. Likewise, he considered that the path 
one meter wide served as an important means of checking the 
spread of the disease. 
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Since in the process of topping, suckering, etc., all mosaic 
portions removed from the plants are thrown upon the ground, 
Van Bijlert was convinced that the path checked the further spread 
of the disease through the soil by preventing rains from washing the 
virus of this material to the roots of neighboring healthy plants. 

He considers that coolies are very largely responsible for the 
wholesale spread of mosaic in a field by carrying infection on their 
hands from plant to plant during the usual field operations of 
topping, suckering, etc. 

Van Bijlert strongly recommended the laying out of paths one 
meter wide around experimental plats, not only to afford an easy 
means of access to different portions of the experimental field, but 
also to serve as an important means of preventing the spread of 
mosaic. 

Koning (15), in 1899, largely confirmed the conclusions of 
previous investigators in Europe. In extensive field experiments 
he proved conclusively that in ordinary topping operations the 
disease is readily transferred from diseased to healthy plants. In 
fact, he claimed that in this manner as high as 88 per cent. of the 
healthy plants became affected with the disease. He likewise 
claimed that in some instances kainit and Thomas slag tended to 
diminish the extent of the disease. 

Woods (18), in 1899, made a study of various morphological 
and physiological differences between healthy and discolored 
tissues in leaves affected with the mosaic disease and later (29) 
brought out certain facts relative to the disease, namely, that it is 
infectious, that excision of affected parts does not check its de- 
velopment in other parts, that the virus is generally distributed 
throughout the plant, and that interlacing root systems do not 
necessarily communicate the disease from a mosaic plant to a 
healthy plant. Like Sturgis (17) he concluded that the disease 
was a physiological response to certain unfavorable conditions. 
Woods went considerably farther than Sturgis, since he sought 
to define the actual pathological changes induced in plants as a 

result of this malnutrition, which he thought must involve the 

- normal enzym activity of the plants. With regard to this point 
Woods (29) makes himself clear as follows: 

“The disease is not due to parasites of any kind, but is the 
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result of defective nutrition of the young dividing and rapidly 
growing cells, due to a lack of elaborated nitrogenous reserve food 
accompanied by an abnormal increase in activity of oxidizing 
enzyms in the diseased cells. The unusual activity of the enzym 
prevents the proper elaboration of reserve food, so that a plant 
once diseased seldom recovers. On the decay of the roots, leaves, 
and stems of -both healthy and diseased plants, the enzym in 
question is liberated and remains active in the soil. The enzym 
is very soluble in water and appears to pass readily through plant 
membranes. If young plants take it up in sufficient quantity to 
reach the terminal bud, they become diseased in the characteristic 
way.” 

In 1900 Heintzel (22), independently of Woods, came to the 
conclusion that oxidizing enzyms are responsible for the origin of 
the disease in tobacco plants. 

Loew (24) in 1900 published briefly on the mosaic disease of 
tobacco. The observations of a number of practical growers in 
Connecticut were mentioned, but opinions were shown to be 
widely different as to the origin of the disease. Loew showed 
that an entire field may become diseased in one year, followed 
by a healthy crop the next season. He noted the sporadic occur- 
rence of the disease. The oxidase and peroxidase content of 
healthy and mosaic plants was also compared. Many popular 
notions were cited which are too much at variance, however, to be 
regarded as established facts. 

In 1900 Koning (23) gave a rather full discussion of his work 
with mosaic. Although careful examinations were made for 
microérganisms in the diseased tissues, all results were incon- 
clusive. 

Koning inoculated many healthy plants with soil solutions 
from fields where mosaic was prevalent. He was never able to 
produce mosaic in this way, and concluded that the virus could 
not exist long in the soil in an active condition. He stated that 
filtering the sap once through a Chamberland filter did not render 
it inert, but that when twice filtered its infectious nature was lost. 
He finally concluded that the virus of mosaic contained micro- 
érganisms too small to be retained by the pores of the filter, and 
that these possessed vegetative and spore-forms. Other conclu- 
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sions were that absolute alcohol killed the virus of mosaic, that 
filtered mosaic sap allowed to stand 3 months without preservatives 
retained its virulence. Koning states that he was unable to obtain 
mosaic in Datura Stramonium, Hyoscyamus niger, Solanum 
tuberosum or Petunia nyctagintfolia with the sap of mosaic tobacco. 

Hunger (27) in 1902 and also in 1904 (40) reported the results 
of his observations and experiments with the mosaic disease in 
Sumatra Heestablished many important facts. Although many 
of his experiments gave somewhat contradictory results under 
different conditions, he found that transplanting several times did 
not necessarily cause the disease to develop, although he was 
inclined to believe that seedlings pulled from dry soil possibly 
contracted the disease more readily than those pulled from wet 
soil. Although Hunger states that topping tobacco plants at 
six weeks of age produced more disease than topping them at 
three weeks of age, he also found that topping 1,200 plants grown 
elsewhere did not produce the disease in a single plant, although 
these plants were topped at various ages. 

Hunger also grew plants from large, medium, and small seed, 
and concluded that medium-sized seed produced the highest per- 
centage of mosaic plants. The large and small seed produced 
about the same percentage of mosaic plants. It is difficult to 
understand why size of seed, however, should bear any relation to 
the occurrence of this disease. 

Hunger found that cuttings from diseased plants, whether 
rooted in soil or grafted upon healthy stocks, remained diseased. 
Many of his healthy cuttings also became diseased. He states 
that the trouble appeared to have no relation to fertilizer treat- 
ment. He was inclined to believe that the occurrence of the 
disease might be associated with extremely hot days and heavy 
rains. 

It is interesting to note that Hunger regarded the mosaic 
disease as a physiological malady. He refused (33) to accept 
Wood's theory (18), however, that the disease was associated with 
the inhibitory action of oxidase and peroxidase upon diastatic 
action, since he maintained that these oxidizing enzyms did not 
inhibit the conversion of starch into sugar. He also maintained 
that these enzyms cculd not diffuse, so that plants would not 
be able to take them from the soil through their roots. 
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Hunger (36) also, in 1903, reported the results of various ob- 
servations and experiments made in Deli, Sumatra, to determine 
how the mosaic disease was spread in a tobacco field. He showed 
that coolies in the operation of searching for caterpillars readily 
communicated the disease from diseased to healthy plants through- 
out the field. He stated that by touching a diseased plant first 
and then healthy plants ‘all touched plants without exception 
became diseased.’’ He concludes that careless, inexperienced, and 
short-sighted coolies are largely responsible for the spread of the 
disease in a field. In this respect he confirmed the topping experi- 
ments reported previously by Koning (15). 

Hunger again published, in 1903 (35), an interesting paper 
showing that the spread of mosaic in the Deli, Sumatra, fields is 
very largely due to coolies employed to search for tobacco worms. 
Very careful experiments were made with plats and rows, in such 
a way that a mosaic plant was the first plant touched. Beginning 
with this, only alternate plants, 3, 5, 7, 9, etc., were searched for 
worms. The plants represented by the even numbers were in- 
tended for controls and remained untouched. In all instances, 
practically every plant in the series beginning with the mosaic 
plant sooner or later became mosaic. At the same time, the 
controls, with few exceptions, remained healthy. 

Hunger states that the less experienced coolies often become 
notorious as mosaic carriers. Coolies with this reputation are 
frequently troubled with defective vision as well. In the opera- 
tion of worming, such coolies find it necessary to pause before 
each plant to determine if worms are present, and in the search 
the young, central leaves are handled more or less. On the other 
hand, the skilled, keen-eyed coolies pass rapidly from plant to 
plant without finding it necessary to touch the leaves in order to 
learn if a worm is present. Should a worm be seen it is skillfully 
removed. Mosaic infection under such conditions is reduced to 
the minimum through the operation of worming. 


An instance is given of two coolies, who, from year to year, 
spread mosaic in all the fields they wormed. A medical examina- 
tion indicated that both were very near-sighted. 

Hunger (41), in 1904, also published the results of his experi- 
ments with the retransplanting of tobacco plants, before finally 
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transferring them to the field. This method, it seems, has been 
put into operation more or less generally at Deli. Experiments 
were made to determine what influence this practice bad upon the 
subsequent occurrence of mosaic. The procedure was as follows: 
A mother seed bed A was prepared and sowed Feb. 17. This seed 
‘germinated Feb. 25. On the 14th of March, just 25 days from the 
sowing of the seed, 750 plants were transferred from A to bed B 
and set 3 x 244 inches apart. March 22, 500 plants were removed 
from bed B to bed C and set 4% x 214 inches apart. On March 
29, 250 plants were removed from bed C to bed D and set 9 x 214 
inches apart. All were fertilized alike. 

On April 2, 250 plants from beds A and B were transferred to 
the field. On April 8, 250 plants from bed C, and on April 11, 
250 plants from bed D were set in the field. 

Topping was omitted and in every way the plants were simi- 
larly treated. 

The results were as follows: Plants from the mother bed A 
were healthy and reached a height of about 244 meters. Plants 
from bed B were not as tall and were more or less mosaic. Plants 
from bed C were very inferior in every way and badly mosaic in 
most instances. Plants from bed D were not over % meter in 
height and not a plant escaped mosaic. It is interesting to note 
that mosaic had appeared in beds B, C and D at the time of final 
transplanting to the field. 

From these results Hunger concludes that these additional 
transplantings have nothing to recommend them, since they 
seriously interfere with the normal growth of the plants and like- 
wise lead to the development of mosaic. 

In 1904 Bouygues and Perreau (38) stated that they obtained, 
by selection, strains of tobacco resistant to the disease called by 
them ‘“‘la nielle.””. The authors refer to a previous account of 
the disease and its symptoms by Bouygues. His careful descrip- 
tion of the diseased plants makes it apparent that la nielle does 
not refer to true mosaic at all, but to some form of leaf-spot or rust. 

In the same year F. Pirazzoli (43) published an interesting 
review of the literature of mosaic. She added somewhat to the 
confusion already existing between true mosaic and various leaf- 
spot diseases, since she, like Comes, called true mosaic, ‘‘ Mal della 
bolla’”’ and Pockenkrankheit, ‘‘mal del mosaico.”’ 
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In 1904 Seiby (44) reported briefly his results with the mosaic 
disease of tobacco in Ohio. He reviewed some of the more 
important practical experiments conducted by previous investiga- 
tions and confirmed these results in some of his own experiments. 
He repeated a number of simple inoculation experiments with the 
virus of mosaic plants, and obtained symptoms of the disease in 
healthy plants after an incubation period of 9 to 12 days. He 
could see no difference in plants inoculated near the base and those 
inoculated in the tender portion. Asa rule, the new growth alone 
showed the disease. He proved that a purely physiological 
chlorosis known as “yellow French’’ was not communicable to 
healthy plants by inoculation and that seed of mosaic plants pro- 
duced healthy plants. The disease could not be transferred to 
healthy plants through the blossoms by inoculating these with 
the nectar of diseased plants. Contact experiments conducted 
with diseased and healthy plants showed an increase of 68.6 
per cent. of disease in the healthy plants. In surrounding control 
plats the natural increase of the disease during this period was less 
than 3 percent. These experiments were a further confirmation of 
similar experiments previously conducted abroad by Hunger and 
Koning. 

Field observations in the Germantown district in 1903 and 1904 
gave interesting results with respect to the occurrence of the mosaic 
disease. Considering 12 farms in the vicinity of Germantown, 
the percentage of diseased plants ranged from less than 1 
per cent. to 43.5 per cent. On the station farm great variation 
was found in the prevalence of the disease in individual rows, 
some rows being entirely free, others showing 56 per cent. of the 
plants affected. Fertilized and unfertilized plats showed no 
difference. Preventive measures are recommended which in the 
main consist of the prompt removal of all diseased plants, both in 
the seed bed and in the field. Selby states that such diseased 
plants if allowed to remain become a menace to all healthy plants 
through the practical operations of worming, topping, suckering, 
etc. 

In 1905 Hunger (46) further discussed the mosaic disease of 
tobacco. He carefully reviews the various theories of the disease, 
and gives a full discussion covering ‘ Pockenkrankheit,” which for 
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a long time was confused with ‘“‘ Mosaikkrankheic.”’ Although he 
believed that the mosaic disease was a physiological disturbance 
arising from unfavorable conditions, Hunger held that an un- 
organized ferment of the toxophore group of Oppenheimer, rather 
than oxidizing enzyms, was responsible for the appearance of the 
disease. 

In 1905 Jensen (47) published a paper in which he mentioned 
the different means by which the occurrence of mosaic could be 
lessened according to the views of various invescigators, i. e., 
Mayer, Raciborski, Woods, Sturgis, Koning, Hunger, and others. 
He stated that since these workers regarded the soil in some way 
responsible for the origin of the disease, their attention was 
direcced mainly to the treatment of the soil of the seed bed and the 
field. For the seed bed, sterilization, soil-removal, and the use of 
certain kinds of manures were generally recommended. For the 
prevention of the disease in the field, certain fertilizers were 
advised. Sturgis, in Connecticut, was inclined to believe that the 
use of shade lessened the occurrence of mosaic, Woods also con- 
sidered that injury of any sort predisposed the young plants to 
the disease. For this reason he considered that root injury must 
be guarded against during transplanting, in order to reduce the 
amount of the disease in the field. 

Jensen first reviews somewhat critically the methods employed 
by Sturgis, lwanowski, and Hunger to show that the seed of mosaic 
mother plants produce healthy progeny. He describes in detail 
the results of special selection experiments which he carried on 
in Java with mosaic and healthy plants. He made careful com- 
parison of the progeny of one self-fertilized healthy plant as a 
control and four mosaic plants grown side by side under identically 
the same conditions from the seed bed to the field. The percentage 
of mosaic plants occurring in each progeny was separately deter- 
mined. Without exception mosaic plants appeared in every 
progeny in varying amounts. 

From these experiments Jensen is inclined to believe that the 
progenies of the mosaic plants show greater susceptibility to 
mosaic than the progeny of the healthy plants, and that the 
careful selection of resistant races will prove to be a practical 
method of controlling the disease. However, from the amount of 
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mosaic shown by the single control progeny it seems fair to ask if 
Jensen's experiments have been extended sufficiently to warrant 
final generalizations as to the greater resistance of progenies of 
healthy over mosaic parents. 

Delacroix (49), in 1906, reviewed rather fully previous investi- 
gations of the mosaic disease of tobacco. 

As a means of preventing the disease, he advises making seed 
beds in new soil which has not previously grown tobacco. He also 
recommends crop rotation in the field, and cautions against the 
use of insufficiently rotted organic manure, and the choice of soils 
naturally too wet. 

At the same time, Delacroix discusses a leaf-spot disease 
which he calls ‘“‘la maladie des taches blanches”’ to distinguish it 
from a spot disease which he has previcusly described as “‘ rouille 
blanche."’ He is convinced that the disease termed ‘mal del 
mosaico’’ by Comes and F. Pirazzoli is identical with his ‘‘ maladie 
des taches blanches.”’ Delacroix is not quite certain as to the 
relationship of “‘rouille blanche”’ and the ‘‘maladie des taches 
blanches.”’ 

Baur (50), in 1906, mentions the mosaic disease of tobacco in 
connection with a discussion of infectious chlorosis of the Malva- 
ceae. He is inclined to believe that they are not essentially 
different in some respects. It is mentioned that the former is, 
however, transferred by other means than by grafting, and that 
the virus of mosaic is more stable, since the principle of infectious 
chlorosis can exist only within the living cells of the Malvaceae. 

In 1907 Hunger (51) expressed his views concerning the effects 
of shade as a preventive of mosaic in tobacco. In a test of two 
plots with Deli tobacco, one shaded, and another unshaded as a 
control, he states that only 8 per cent of the plants became mosaic 
under shade, while 44 per cent became mosaic in the sun. He 
considers this a striking confirmation of Sturgis’s results in Con- 
necticut. 


In explanation of these results, Hunger considers that shade 
so regulates the various physiological activities of the plant that 
the phytotoxin of mosaic is not generated. He contends that 
mosaic arises only when unfavorable external conditions stimulate 
the secretion of this specific toxin, which once formed has the 


| 
| 
| 


450 ALLARD: MOSAIC DISEASE OF TOBACCO 


peculiar property of engendering a similar diffusible toxin within 
the cells. In some respects Hunger’s toxin theory is not far re- 
moved from Beijerinck’s “‘contagium vivum fluidum”’ theory. 

Hunger remarks that the Deli-Sumatra tobacco, through inten- 
sive breeding, has become especially subject to mosaic. He men- 
tions that soils most favorable to the production of the best type 
of Sumatra tobacco are also especially favorable localities for 
mosaic, while on “‘ paja-soil’’ which produces the most inferior Deli 
wrappers, mosaic is almost unknown. 

In 1908 Clinton (53), working in Connecticut, established an 
important fact concerning the mosaic disease. By artificial in- 
oculation he showed conclusively that the mosaic disease of tobacco 
was communicable to healthy tomato plants and vice versa. 
This seems to be the first actual proof that this disease of tobacco 
is infectious to plants of other solanaceous genera. 

Lodewijks (56), in 1910, reported his investigations concerning 
the effects of different kinds of light upon the development of the 
mosaic disease. By keeping the upper diseased portions of mosaic 
plants covered while at the same time the lower, healthy-appearing 
leaves were exposed, Lodewijks claims to have obtained remark- 
able results. Under these conditions he claims to have found that 
diffused light checked the disease, red light decreased it, and blue 
light completely cured plants of the malady. It was his opinion 
that an antivirus or antitoxin was thus formed in the lower, 
healthy leaves which destroyed or rendered inert the virus of the 
disease. These results are so radical that further investigation 
seems necessary in order to understand their meaning more 
fully. 

In 1910 Westerdijk (57) published an account of the mosaic 
disease of tomato. She concludes that this disease is infectious to 
tomatoes, but that it is not communicable to tobacco. She like- 
wise believes that the development of the disease is greatly de- 
pendent upon the intensity of light, strong sunlight increasing the 
intensity of the symptoms. In striking contrast to the mosaic 
disease of tobacco, she claims that the mosaic disease of tomato 
is carried to the next generation through seed produced by mosaic 
plants. Westerdijk stated that she was unable to communicate 
the mosaic disease of tobacco to healthy tomato plants by artificial 
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inoculation. Her results on this point, however, are somewhat 
open to question, since from the description of the plants one can 
not be sure that she worked with the true mosaic disease of tobacco. 

Jensen (63) (1903-1911) reports his investigation of the mosaic 
disease of tobacco in the Dutch East Indies. A number of mosaic- 
free plants were selected in the field, and the progenies of these 
kept separate each year. By continuous selection of mosaic-free 
plants within these lines from 1903 to 1907, Jensen states that 
there was a very noticeable increase each year in the percentage 
of mosaic-free plants. He was led to believe that careful selection 
afforded an efficient means of decreasing mosaic by developing 
strains naturally resistant to mosaic infection. 

Jensen describes and gives an illustration of a most remarkable 
tobacco plant found in 1899. With the exception of a single basal 
leaf which had developed to normal size, the growth of the leaves 
was limited to the development of the midribs alone. The plant 
was selfed but the entire progeny grown in 1910 was normal. It 
is very probable that this abnormal plant was an exceptionally 
severe form of mosaic. 

Experiments were carried on to determine if excessive quanti- 


ties of plant food had any influence on the susceptibility of plants — 


to mosaic. It was found, however, that mosaic occurred quite 
as generally in the fertilized as in the non-fertilized plants. 

Jensen (1911) states that attempts to develop mosaic-resistant 
lines from plants escaping mosaic infection in the field resulted in 
failure. At Kebon-Aroem, where mosaic is very prevalent, 93 
healthy plants selected from a badly mosaic field were inoculated 
with the filtered sap of mosaic plants. Not a single plant escaped 
infection. The conclusion was finally reached that mosaic-free 
plants selected in a field, must be inoculated with the virus of 
mosaic before their resistance to mosaic can be determined. 

In 1912 the writer (59) published briefly in Science additional 
facts concerning the mosaic disease of tobacco. It was shcwn 
that the disease is communicable to practically all genera of the 
solanaceous family, that the disease is dependent upon specific 
infection, and that simply cutting back plants does not produce the 
malady. It was also shown that particular kiads of aphides may 
be active disseminators of the disease. 
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In 1912 Egiz (60) in Russia published a paper concerning the 
growing of tobacco in southern and middle Russia. He meniions 
briefly the more important diseases affecting the tobacco plant in 
this region, i. e., rust (Pockenkrankheit), mosaic, and other dis- 
eases. He added nothing beyond what is already known concern- 
the mosaic disease of tobacco. Egiz considered that soil and 
climatic factors of one sort or another were responsible for the 
disease, i. e., soils too moist, soft rather than hard soils, hot sun- 
shine together with great humidicy, etc. Asa means of preventing 
the occurrence and spread of the disease he recommended burning 
all diseased plants, keeping soils in the best tilth, the application 
of good quantities of lime, and the saving of seed from healthy 
plants. Egiz also mentioned another disease somewhat similar 
to mosaic in appearance which is not infectious and results from 
injuries to the roots from one cause or another. The leaves 
become marbled or variegated. 

Chapman (61), in 1913, published the results of observations 
and experimencs with the mosaic disease of tobacco and tomatoes. 
He pronounced the disease a purely physiological one, and con- 
tended that it was not of fungous or bacterial origin. He did not 
‘ consider that a specialized virus was responsible for the occurrence 
of the disease. He regarded the theory of antagonistic enzyme 
action previously advanced by Woods as sufficient to explain the 
primary origin of the disease. Although Chapman believed that 
improper sterilizacion of infected seed beds actually increased the 
occurrence of mosaic in the seedlings, it is difficult to offer a 
satisfactory explanation for such results. 

_ Since the time of Mayer the failure to distinguish between the 
true mosaic disease and various other diseased appearances has 
led to a literature filled with confusion and contradiction. 
Throughout Europe many investigators at first regarded a spot 
disease, ‘‘ Pockenkrankheit,” asa later or final phase in the develop- 
ment of the true mosaic disease or ‘“‘ Mosaikkrankheit.’’ Others 
have contended that these appearances represent two distinct 
diseases. Throughout France especially, various leaf-spoc diseases 
were described as the true mosaic of Mayer. Beijerinck (12) 
applies the term “‘la nielle’”’ to the true mosaic disease. Perreau 
(38) speaks of ‘‘la nielle ‘ ou’’ Mosaikkrankheit”’ and has in mind a 
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rust or spot disease. Delacroix (45) later designates true mosaic 
as “‘la nielle vrai.’’* 


OFFICE OF TOBACCO AND PLANT NUTRITION INVESTIGATION, 
BuREAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURF 


INDEX TO THE LITERATURE OF MOSAIC 


The following is a list, arranged in time sequence, of the more 
important contributions referring to the mosaic disease of tobacco or 
mentioned in connection therewith. 


1. 1885. Mayer, Adolf. Over de in Nederland dikwijk voorko- 
mende Mozaiekziekte der Tabak. Landb. Tijdschr. 
2. 1886. —. Uber die Mosaikkrankheit des Tabaks. 
Landwirtschaft. Versuchs-Stat. 32: 450-467. pl. 3. Ab- 
stract by Erwin F. Smith in Jour. Myc. 7: 382-385. 
1894. 

3. 1888. ———.. Heilung der Mosaikkrankheit des Tabaks. 
Landwirtschaft. Versuchs-Stat. 35: 339-340. 

4. 1890. Iwanowski, D., & Polowzoff, W. Rjabucha, bolesn 
Tabaka, eja pritschini i srelstwa borbi s neju. (Die 
Pockenkrankheit der Tabaksflanze.) 23 p. Mém. Acad. 
Imp. Sci. St. Pétersbourg, VII. 37. F 

5. 1890. Linhart, Gyérgy, & Mezey, Gyula. A dohdny mozaik- 
betegsége. Mezégazdasagi Szemle, p. 1-10. 

6. 1892. Iwanowski, D. Uber die Mosaikkrankheit der Tabaks- 
pflanze. Bull. Acad. Imp. Sci. St. Pétersbourg II. 3: 
67-70. 

7. 1892. . Uber zwei Krankheiten der Tabaks- 
pflanze. Land- und Forstwirtschaft (Russisch). Ab- 
stract in Beih. Bot. Centralb. 3: 266-268. 1893. 

8. 1894. Prillieux, E. E., & Delacroix, Georges. Maladies bacil- 
laires de divers végétaux. Compt. Rend. Acad. Sci, 
Paris 118: 668-671. 


“These writers described a bacterial disease which they thought was true mosaic, 
but which later was shown to be “‘rouille blanche” (white rust). 


* Terms used to designate true mosaic: 

America: Mosaic; calico; gray-top; mottled-top; mottling; foxy tobacco; brindle; 
mongrel; chlorosis; walloon; frenching. 

France: La mosaique vrai; la nielle vrai (Delacroix); la nielle (Delacroix) 
(Beijerinck). 

Italy: Male della bolla. 

Netherlands: Mozaiek-ziekte; vlek-ziekte; wit-kop. 

Germany: Mosaikkrankheit; Flecken-krankheit. 

Brazil (Portuguese): A molestia de ‘‘ mosaico.” 
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Marchal, Emile. La mosaique du tabac. Rev. Myc. 19: 
13, 14. 


Marchal appears to have studied “la rouille blanche’ rather than true mosaic. 


10. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


1898. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1900. 


1900. 


Beijerinck, M. W. Ueber ein Contagium vivum fluidum 
als Ursache der Fleckenkrankheit der Tabaksblatter. 
Verhandel. Kon. Akad. Wetensch. Amsterdam II. 65: 
1-22. pl. 1, 2. Abstract in Centralb. Bakt. Zweite 
Abt. 5: 27-33. 1899. 

Bemerkung zu dem Aufsatz des Herrn 

Iwanowsky iiber die Mosaikkrankheit der Tabaks- 

pflanze. Centralb. Bakt. Zweite Abt. §: 310, 311. 

De lexistence d'un principe contagieux 
vivant fluide, agent de la nielle des feuilles de tabac. 
Arch. Néerland. Sci. II. 3: 164-186. pl. 5, 6. 

Breda de Haan, J. van. Voorloopige mededeelingen over 
het Peh-Sem of de mozaiek-ziekte in de tabak te Deli. 
Teysmannia, 9: 567-584. 

Iwanowski, D. Uber die Mosaikkrankheit des Tabaks- 
pflanze. Centralb. Bakt. Zweite Abt. 5: 250-254. 
[Illust.] 

Koning, C. J. Die Flecken- oder Mosaikkrankheit des 
hollandischen Tabaks. Zeits. Pflanzenkrank. 9g: 65- 
80. f. I, 2; pl. 2. 

Sturgis, W.C. Preliminary notes on two diseases of 
tobacco. Ann. Rep. Connecticut Agr. Exp. Sta. 22: 
242-260. 


» On the effects, on tobacco, of shading and 
the application of lime. Ann. Rep. Connecticut Agr. 
Exp. Sta. 23: 252-261. 

Woods, A. F. The destiuction of chlorophyll by oxidizing 
enzyms. Centralb. Bakt. Zweite Abt. §: 745-754. 
Raciborski, M. Verslag omtrent den staat van ‘Slands 
Plantentuin te Buitenzorg over het jaar 1899. 73-78; 
108-110. 

Bijlert, A. van. Opmerking, omtrent de verbreiding van 
een viekziekte. Mededeel. 'Slands Plantentuin 43: 
49-52. 

Goutiére, J. F. Sur quelques maladies du tabac. Jour. 
d’Agr. Prat. 64': 569-571. 

Heintzel, Kurt. Contagiise Pflanzenkrankheiten ohne 
Microben, mit besonderer Beriicksichtigung der Mo- 
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saikkrankheit der Tabaksblitter. Erlangen, 46 p., 
1 pl. (Inaugural-Dissertation.) 

23. 1900. Koning, C. J. Der Tabak: Die Flecken- oder Mosaik- 
krankheit des hollandischen Tabaks. Studien iiber 
seine Kultur und Biologie. Amsterdam. pp. 71-86, 
3 fig. 

24. 1900. Loew, Oscar. Remarks on the mosaic disease of the 
tobacco plant. U.S. Dept. Agr. Rep. 65: 24-27. 

25. 1900. Woods, A. F. Inhibiting action of oxidase upon diastase. 

Science, II. 11: 17-19. 

26. 1901. Iwanowski, D. Uber die Mosaikkrankheit der Tabaks- 
pflanze. Centralb. Bakt. Zweite Abt. 7: 148. 

27. 1902. Hunger, F. W. T. De mozaiek-ziekte bij Deli-tabak. 
Deel I. Verslag van de op Deli met betrekking tot de 
mozaiek-ziekte genomen proeven in de jaren 1901-1902. 
Mededeel. ’Slands Plantentuin 63: 1-104. 

28. 1902. Iwanowski, D. Die Mosaik- und Pockenkrankheit der 
Tabakspflanzen. Zeits. Pflanzenkrank. 12: 202, 203. 

29. 1902. Woods, A. F. Observations on the mosaic disease of 
tobacco. U. S. Dept. Agr. Bur. Pl. Ind. Bull. 18: 
1-24. pl. 1-6. 

30. 1903. Bouygues, H. Sur la nielle des feuilles du tabac. Compt. 
Rend. Acad. Sci. Paris 137: 1303-1305. 

A leaf-spot or rust disease is described, rather than the mosaic disease. 

31. 1903. Hunger, F. W. T. Physiologische onderzoekingen over 
Deli-tabak. Mededeel. ’Slands Plantentuin 66, Hoof- 
dstuk 5. 

32. 1903. Roux, E. Sur les microbes dits invisible. Bull. Inst. 
Pasteur, Revues et Analyses, 1, No. 1. 


Roux considers it probable that organisms too small to be revealed by the 
microscope are responsible for mosaic. 


33. 1903. Hunger, F. W. T. Bemerkung zur Wood’schen Theorie 

' iiber die Mosaikkrankheit des Tabaks. Bull. Inst. 
Bot. Buitenzorg 17: I-9. 

34. 1903. . Een voorloopige verklaring omtrent het 
veelvuldig optreden der mozaiek-ziekte bij Sumatra- 
tabak. Tijdschrift voor Nijverheid en Landbouw in 
Nederlandsch-Indie 67: 225-237. 


35. 1903. . Het Rupsen-zoeken bij tabak in verband 
met het later optreden der mozaiek-ziekte. Teys- 
mannia 14: 632-638. 
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36. 1903. - On the spreading of the mosaic disease 
(calico) on a tobacco field. Bull. Inst. Bot. Buitenzorg 
17: 10-16. 

37. 1903. Iwanowski, D. Uber die Mosaikkrankheit der Tabaks- 
pflanze. Zeits. Pflanzenkrank. 13: 1-41. pl. 1-3. 

38. 1904. Bouygues H., & Perreau,—. Contribution a l'étude dela 
nielle des feuilles de tabac. Compt. Rend. Acad. Sci. 
Paris 139: 309-310. 

These investigators claim to have obtained by selection strains of tobacco 
resistant to the disease called by them “‘la nielle."’ This disease appears to be a rust 
of some sort, although it is mentioned in an abstract in the Experiment Station 


Record, U. S. Department of Agriculture, 16: 677, 1905, as the mosaic disease of 
tobacco. 


39. 1904. Hunger, F.W.T. Over den aard der besmettelijkheid der 
mozaiek-ziekte bij de tabaksplant. Handelingen, 
Achtste Vlaamsch Natuuren Geneeskundig Congres 
gehouden te Antwerpen op 24™ en 25 September, 
afl. 3, p. 45-50. 

40. 1904. - Die Verbreitung der Mozaikkrankheit 
infolge der Behandlung des Tabaks. Centralb. Bakt. 
Zweite Abt. 11: 405-408. 

41. 1904. - Invloed van het verspenen van tabaks 
bibit. Korte berichten uit ‘s Lands Plantentuin. 
Teysmannia 15: 58-64. 

42. 1904. d’Utra, Gustavo. A molestia de ‘ Mosaico” do fumo. 
Boletim da Agricultura, Sao Paulo V. 2: 51-71. 


d'Utra merely reviews the work of a number of investigators connected with 
the mosaic disease of tobacco. His statement that the disease rarely ever occurs 
in successive yeas is of considerable interest. 

43. 1904. Pirazzoli, Francesca. Male della bolla e del mosaico. 
Bolletinno Technico della Coltivazione dei Tabacchi 
3*: 1-41. pl. 7. 

44. 1904. Selby, A. D. Tobacco diseases and tobacco breeding. 
Ohio Agr. Exp. Sta. Bull. 156: 87-114. pl. 1-8 + f. 
I-3. 

45. 1905. Delacroix, Georges. La rouille blanche du tabac et la 
nielle ou maladie de la mosaique. Compt. Rend. 
Acad. Sci. Paris 140: 678-680. 

Distinction is made here between “‘la rouille blanche” (white rust), a bacterial 
disease which Delacroix at first described as true mosaic, and “‘la nielle vrai’ (true 
mosaic). He names the bacillus considered by him ;responsible for “‘la rouille 
blanche.” 
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46. 1905. Hunger, F. W. T. Untersuchungen und Betrachtungen 
iiber die Mosaikkrankheit der Tabakspflanze. Zeits. 
Pflanzenkrank. 15: 257-311. 

47. 1905. Jensen, Hjalmar. Uber die Bekampfung der Mosaik- 
krankheit der Tabakpflanze. Centralb. Bakt. Zweite 
Abt. 15: 440-445. 

48. 1905. Hunger, F.W.T. Neue Theorie zur Atiologie der Mosaik- 
krankheit des Tabaks. Ber. Deuts. Bot. Ges. 23: 
415-418. 

49. 1906. Delacroix, Georges. La nielle du tabac et la “ maladie 
des taches blanches.’’ Ann. Inst. Nat. Agron. II. 5: 
158-205. 

50. 1906. Baur, E. Uber die infektiése Chlorose der Malvaceen. 
Sitzungsber. Kénigl. Preuss. Akad. Wiss. 1906: 11-29. 

51. 1907. Hunger, F. W. T. Beschaduwing als prophylaxis tegen 
de mozaiek-ziekte der tabak. Mededeel. Depart. 
Landbouw. 3: 62-68. 

52. 1909. Sorauer, Paul. Die Mosaikkrankheit des Tabaks. Hand- 
buch der Pflanzenkrankheiten 1: 678-683. 

Mosaic is classed as a non-parasitic, enzymatic disease. The work of Bouygues 
and Perreau is cited as an example of what selection for resistance to mosaic can 


accomplish. The fact seems to have been overlooked that Bouygues and Perreau 
worked with a rust disease and not true mosaic. 


53. 1909. Clinton, G. P. Notes on fungous diseases, etc., for 1908. 
Connecticut Agr. Exp. Sta. Bien. Rep. 1907-1908: 
857-858. pl. 66. f. b. 

54. 1909. Perreau, . Note sur la nielle des tabacs. Bull. Soc. 
Bot. France 56: LIII-LV. 


Perreau refers t> the rust or leaf-spot disease previously mentioned by him and 
Bouygues in 1904. Perreau stated that the disease appeared on land which had not 
been grown to tobacco for 30 years. An abstract of these results is given under the 
heading ‘‘ Notes on the mosaic disease of tobacco,”’ in the Experiment Station Record, 
U. S. Department of Agriculture, 23: 649. IgI0. 


55. 1910. Hinson, W. M., & Jenkins, E. H. The management of 
tobacco seed beds. Connecticut Agr. Exp. Sta. Bull. 
166: 1-11. f. 1. 


These authors state that there is no evidence to show that infection arises from 
the stems plowed into the field. 


56. 1910. Lodewijks, J. A., Jr. Zur Mosaikkrankheit des Tabaks. 
Rec. Trav. Néerland. 7: 107-129. Abstract in Bot. 
Centralb. 114: 518. 
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57. 1910. Westerdijk, Johanna. Die Mosaikkrankheit der Toma- 
ten. Amsterdam, 19 p., 3 pl. (Mededeel. Phytopath. 
Lab. Wille Commelin Scholten"? Amsterdam, 1.) 

58. 1911. Russell,H.L. Tomato breeding experiments. Wisconsin 
Agr. Exp. Sta. Bull, 218: 20. 

Here it is claimed that the peach and cherry types are naturally resistant to the 
mosaic disease, and that crossing these with Earliana have given strains resistant 
to the disease. 

59. 1912. Allard, H. A. The mosaic disease of tobacco. Science II. 
36: 875, 876. 

60. 1912. Egiz, S. A. Tabakovodstvo. Glavnoe Upravlenie Zem- 
ledieliia i Zemleustroistva, Department Zemledieliia, 
Obshchedostynnyia Soobshcheniia sel 'skokhoziaisty en- 
nykh Uchrezhdenii i Spetsialistov po Sel’ skokhoziaist- 
vennoi Chasti, (Russia), no. 9. 

61. 1913. Chapman, G. H. Mosaic and allied diseases, with special 
reference to tobacco and tomatoes. Ann. Rep. 
Massachusetts Agr. Exp. Sta. 25: 94-104. 

62. 1913. Melchers, Leo E. The mosaic disease of the tomato and 
related plants. Ohio Naturalist 13: 149-173. pl. 7 
8+f.1. 1913. 

63. 1903-1911. Jensen, Hjalmar. Mozaiek-ziekte. Medeel. Pro- 
efsta. Vorsten-Landsche Tabak. No. 5, 1913. 

64. 1914. Allard, H. A. The mosaic disease of tobacco. U. S. 
Dept. Agr. Bull. 40: 1-33. pl. 1-5. Ja 1914. 
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Phytogeographical notes on the Rocky Mountain region 
Ill. Formations in the alpine zone 


P. A. RYDBERG 


As the writer is no ecologist and has dealt very little with 
plant societies, he knows that this paper will scarcely stand muster 
before experts in that line. The notes are mostly taken dowa from 
memory and casual observations made while collecting with tax- 
onomy wholly in view. They must therefore be in many respects 
imperfect and in some cases faulty. As I have occasionally criti- 
cized ecologists and phytogeographers, even severely, for their 
work, I should expect criticism when I myself enter their field, 
but right here I wish to say that I not only expect, but rather wish, 
somebody to point out my errors or shortcomings, so that the 
truth may be had. My only excuse for writing on ‘‘ Formations”’ 
is that very little has been published in this line on the Rocky 
Mountain region, and in every case it has been only small local 
regions that have been treated. I know that Professor Clements 
has been working for years on the ecology of the Pikes Peak region 
and when his book is out, I expect to see an expert treatise on the 
subject; but uncil then let us amateurs scribble down and publish 
our notes, and probably they may be of some value to the pro- 
fessional ecologists, and, in the meantime, of general interest to 
the plant-lovers. 

Clements in his little article ‘“‘Formation and Succession 
Herbaria”’* has given the best list of plants, arranged according 
to regions, formations, and successions, ever published from the 
Rocky Mountain region. The value of this list is increased by 
the fact that he has distributed a collection of exsiccatae illustrat- 
ing it. Of course, his paper treats only of the region of Pikes 
Peak, Colorado. He assigns the following formations to the 
alpine region: 

Alpine meadow formation 
Alpine bog formation 


* Univirsity [Nebraska] Studies 4: 329-355. 1904. 
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Alpine lake formation 
Alpine mat formation 
Alpine rock-field formation 


While my observations at other places in the Rockies agree 
essentially in most respects with Professor Clements’ arrangement, 
it cannot be applied without modification to all localities in the 
Rockies, not even to all in Colorado. When the whole of the 
southern Rockies is considered, some modifications must be made, 
and if the alpine region of the northern Rockies is included, still 
more adjustment is needed. Here there are found formations of 
ericaceous plants, consisting of undershrubs, if not, as in the Alps, 
of shrubs. Perhaps I lay too much stress upon the moisture in 
the ground and soil, and therefore would be inclined to subdivide 
Professor Clements’ alpine meadow formation. 

The Rocky Mountains have received their name from the 
numerous loose rocks that cover their tops and sides. In naming 
plants from the Rocky Mountains, the specific name usually 
used has been scopulorum. This is really a misnomer, for it is 
not from scopulum (a projecting cliff) but from saxum (the loose 
rock), that the Rockies were named. When the mountain dis- 
integrates it breaks up into large blocks. These in the Rockies 
cover large fields, or, as they are mostly on the slopes, they are 
often more or less in motion and are usually known as ‘‘rock- 
slides.” The first form of vegetation which appears on a newly 
formed rock-slide is, of course, lichens. Whenever there has been 
deposited a little humus between the rocks a few flowering plants 
appear, mostly perennials, with strong root systems or with strong 
rhizomes. Thus arises the first formation, the 


ROCK-SLIDE FORMATION 


If the rocks disintegrate still more, they become broken up into 
smaller pieces and more humus is added and there arises a gravel- 
field. If the disintegrated portion is rather thin, as it usually is 
on the top of the peaks and along the ridges, the formation is a 
xerophytic one, as little of the water from the melting snow is 
retained. So we have our second formation, which corresponds 
to Dr. Clements’ alpine mat formation. This may be called the 
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MOUNTAIN CREST FORMATION 


If the gravel field or rock field is situated on the sloping moun- 
tain side, either under a snowdrift or along the course of the 
drainage, in other words where the moisture is greater and where 
more humus has a chance to gather, we have our third formation, 
which I shall call in lack of a better word the 


MOUNTAIN SEEP FORMATION 


This was included by Clements in the mountain meadow. 
While the mountain seeps have many plants in common with the 
meadows, there are found others wholly characteristic of these 
seeps, as for instance certain species of the saxifrage family and 
several willows. Where the ground is less sloping and the humus 
has had chance to gather still more, there is found the 


ALPINE MEADOW FORMATION 


If the drainage is imperfect and the water becomes stagnant, 
the next formation occurs, the 


ALPINE BOG FORMATION 
or if deeper, the 


ALPINE LAKE OR POND FORMATION 


To this can also be added special formations. There are certain 
plants that grow only in the crevices of exposed cliffs. Hence, the 


CLIFF FORMATION 


Another is found only below and around the melting snowdrifts, 

the 
SNOW-DRIFT FORMATION 

Of these the rock-slides and mountain crest formations are 
decidedly xerophytic; the cliff formation mostly mesophytic but 
often xerophytic, the meadow and mountain seep formations 
mesophytic or the latter usually hydrophytic; of course, the bog 
and lake formations are hydrophytic. 


1. ALPINE MOUNTAIN CRESTS 


I shall begin with this formation, as ic is perhaps the most 
characteristic of the alpine formations. The plants are nearly all 
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very low, only a few inches high, buc what they lack in size they 
make up in the coloration of their flowers. It is strange that the 
alpine plants should have such bright colors, when insects are 
comparatively rather scarce and the plants have all the facilities 
of wind-pollination. Most of the plants of this formation grow 
in clumps or mats, even the grasses and sedges growing there are 
more or less tufted. 

One of the most common and, at the same time, conspicuous 
plants of this formation is Alsinopsis obtusiloba. It is not con- 
spicuous on account of its size or the beauty of its flowers, but on 
account of its mode of growth. It is found nearly everywhere in 
the most exposed places, in the crevices of the rocks or between the 
boulders, wherever the roots can find a foothold, even where there 
is scarcely a trace of soil. It grows in tussocks or mats from I to 
12 inches in diameter, the stem lying flat on the rccks and only 
the peduncles rising 1-2 inches above them. Draba oligosperma, 
D. andina, and D. densiflora have a similar habit but grow in 
smaller mats and are more frequent between smaller stones and 
gravel on the ridges. In similar situations are found larger mats 
of Dryas octopetala and (in the northern Rockies) D. Drummondii, 
and smaller colonies of Potentilla quinquefolia and Phlox caespitosa. 
The latter is rather rare in the southern Rockies where its place is 
taken by a closely related species, Phlox condensata. Silene 
acaulis, the moss campion, resembles Alsinopsis obtusiloba in 
habit, but prefers places with more humus. The vegetation of 
the bare rocks consists mostly of the above mentioned Alsinopsis 
and less frequently Sedum stenopetalum and scattered patches of 
Draba and Phlox. 

Two of the most widely distributed plants growing in gravelly 
places on the tops of the mountains are Erigeron simplex and E. 
multifidus. The following three species, closely related to the 
latter, are found in similar situations, but E. trifidus is more limited 
to the northern portion, extending even into the Arctics. E. 
pinnatisectus is confined to the southern Rockies and the original 
E. compositus to the northwest. In similar situations we find also 
Smelowskia americana and Trifolium dasyphyllum; in the southern 
Rockies also Androsace carinata, Thlaspi coloradense, T. pur- 
purascens, and Eritrichium argenteum; and in the northern Rockies, 
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Douglasia montana and Eritrichium elongatum. Acomastylis 
(Sieversia) turbinata is found in a depauperate form on the crests 
and in better development in the meadows. The beautiful paint- 
brushes, Castilleja occidentalis and C. Haydeni (southern Rockies), 
are found mostly on the slopes, connecting the crests with the 
meadows. 

Of the grasses, Poa rupicola, P. Pattersonii, P. Lettermanni, 
Festuca brachyphylla, F. saximontana, F. supina, and Agropyron 
Scribneri are mostly limited to the crest themselves, while Trise- 
tum subspicatum, Deschampsia curtifolia, Agropyron andinum, 
and A. latiglume frequent the slopes or even run down into the © 
meadows. 

The following plants are the most common and most generally 
distributed alpine xerophytes belonging to this formation: 


*Calamagrostis purpurascens *Heuchera parvifolia 
Trisetum subspicatum Potentilla quinquefolia 
Deschampsia curtifolia Acomastylis turbinata 
Poa rupicola *Dasiphora fruticosa 

*Poa crocata Dryas octopetala 
Festuca brachyphylla *Dasystephana affinis 
Festuca saximontana Trifolium dasyphyllum 
Agropyron Scribneri *Phlox caespitosa 
Oreobroma pygmaea Castilleja occidentalis 
Alsinopsis obtusiloba Antennaria media 
Silene acaulis *Antennaria aprica 
Draba oligosperma *Senecio Purshianus 
Draba andina Erigeron simplex 
Draba densiflora Erigeron compositus 

*Draba aurea Erigeron multifidus 
Smelowskia americana Erigeron trifidus 


*Sedum stenosepalum 


The following are common and important plants of this forma- 
tion in the southern Rockies, but lacking or rare in the northern. 
Those with the asterisks are mostly found near or below the timber- 
line, those with the dagger are found in the northern Rockies but 
are rare: 


* Those with asteriks are mostly found near the timber-line and also below. 
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tPoa Pattersoni 
Poa Lettermanni 
Avena Mortoniana 
*Eriogonum xanthum 
Paronychia pulvinata 
*Arenaria Fendleri 
Thlaspi coloradense 
Thlaspi purpurascens 
Cheirinia radiata 
Cheirinia nivalis 
Draba aureiformis 
Draba chrysantha 
Draba crassifolia 


*Draba streptocarpa 
Draba saximontana 
Androsace carinata 

*Dasystephana Parry 
Phlox condensata 
Castilleja Haydeni 
Pentstemon Hallii 

tEritrichium argenteum 
Erigeron pinnatisectus 

*Besseya plantaginea 

*Senecio Nelsonii 

Senecio Harbourii 


The following are important plants of this formation in che 
northern Rockies but lacking in the southern: 


Festuca supina 
Agropyron andinum 
Agropyron latiglume 
Potentilla Macounti 
Dryas Drummondii 
Aquilegia Jonesit 


Douglasia montana 
Phacelia sericea 
Phacelia alpina 
Eritrichium elongatum 
Dasystephana monticola 


The following plants belong to this formation but are rather 


local: 


Southern 


Poa epilis 

Festuca minutiflora 
Arenaria Tweed yi 
Cheirinia amoena 
Draba crassa 

Parrya platycarpa 
Oreoxis humilis 
Oreoxis Bakeri 

Oreoxis alpina 
Pseudocymopterus Tidestromii 
X ylorrhiza coloradensis 
Xylorrhiza’ Brandegei 
Macronema* pygmeum 


Potentilla minutifolia 
Potentilla tenerrima 
Potentilla nivea 
Potentilla nipharga 
Potentilla paucijuga 
Gormania debilis 
Aragallus podocarpus 
Aragallus Hallit 
Chaenactis pedicularia 
Chaenactis alpina 
Senecio petrocallis 
Chrysopsis alpicola 


| 
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Northern 
Douglasia nivalis Antennaria sedoides 
Phacelia Lyallit Macronema Lyallii 


2. ALPINE ROCK-SLIDES 


Many parts of the Rocky Mountains are covered by loose 
rocks, often in more or less unstable conditions, sometimes forming 
sliding fields or moving together with the snow avalanches. These 
are not wholly without vegetation and there are certain plants 
that are characteristic of such rock-slides, scarcely growing any- . 
where else. 

The most characteristic plant of the rock-slides is, perhaps, 
Claytonia megarrhiza with its large red root lodged far down among 
the rocks. Another is Alsine americana of the northern Rockies, 
which has a slender rootstock, sending up long shoots among the 
rocks, the proper leaves and flowers crowded at the ends of the 
branches. Senecio carthamoides and C. Fremontii, Telesonix 
Jamesii and T. heucheriforme, Ribes montigenum and R. parvulum 
are also confined to the rock-slides, the former of each pair found 
in the southern, the latter in the northern Rockies. Hulsea 
carnosa also I found only in the rock-slides of Montana and Yellow- 
stone Park. Primula Parryi and Oxyria digyna frequent the 
rock-slides, but are not confined to them, the former being 
even found in the woods. The other rock-slide plants are rather 
local. 

The following constitute for the most part the rock-slide 
vegetation: 

Southern Rockies 


Polemonium speciosum Aquilegia saximontana 
Polemonium confertum Syntheris plantaginea 
Primula Parryi Senecio carthamoides 
Claytonia megarrhiza Oxyria digyna 

Telesonix Jamesii Selaginella densa 
Heuchera Hallii Machaeranthera Pattersoni 
Ribes montigenum Pseudopteryxia anisata 
Pentstemon Hallit Senecio invenustus 


Pentstemon Harbourii 


i 
t 
a 
i 
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Northern Rockies 


Claytonia megarrhiza Hulsea carnosa 
Telesonix heucheriforme Senecio Fremontii 
Oxyria digyna Alsine americana 
Selaginella densa Ribes parvulum 
Pseudopteryxia Hendersoniti Polemonium viscosum 


3. ALPINE CLIFFS 


While the following plants are found elsewhere, they are char- 
acteristic of the crevices of exposed cliffs: 


*Chondrosea Aizoon Oxyria digyna 

*Leptasea austromontana Aquilegia saximontana 
Antiphylla oppositifolia Polemonium pulcherrimum 
Anticlea coloradensis Polemonium delicatum 
Senecio petrocallis 


4. ALPINE MOUNTAIN SEEPS 


This formation usually is found between the mountain crests 
and the meadows, but is more moist than either. Often the 
mountain crest or mountain slope formation gradually changes 
into the meadow. This is usually the case where no melting snow- 
drift supplies the slope with more moisture throughout the sum- 
mer; but where water is dripping or seeping down from the snow, 
along brooks, and above subterranean water courses, there is 
developed a formation, which as far as moisture is concerned 
could be classified with the wet meadow, but the ground is more 
rocky, the soil consists more exclusively of hurnus and most of the 
plants are different from those of the true meadow. The grasses 
and sedges are fewer both in number and in species, but otherwise 
the same as those of the meadow, although the three Poas men- 
tioned below are characteristic of these seeps, rather than of the 
meadows. Characteristic plants of these seeps are the alpine 
willows, alpine clovers, Sibbaldia procumbens, Rhodiola, species of 
Ranunculus, Senecio, Polemonium and Juncus, Taraxacum scopu- 
lorum, Mertensia alpina and its relatives, Myosotis alpestris, and, 
above all, many species of Saxifraga and its allies. 

In the northern Rockies there is found a plant association that 
may be counted here. On northern cold mountain slopes of 


| 


RYDBERG: PHYTOGEOGRAPHICAL NOTES 467 


Montana, with a good deal of moisture, sometimes whole acres 
are covered with Cassiope Mertensiana. Except the ericaceous 
bog formation, made up of Phyllodoce, Kalmia, and Ledum, this is 

the only poor representation of the shrubby ericaceous formation, 

so characteristic of the Alps. This association of Cassiope sug- 
gests in many respects the arctic tundra. I have not visited the 
extreme northern part of the Rockies in British America, but | 
' suspect that Cassiope tetragona and Harrimanella hypnoides there 
form similar associations. The only other plants in the alpine 
regions of the Rockies that I know of as forming similar mats are the 
dwarf alpine willows, Salix saximontana, S. nivalis, S. petrophila, 

S cascadensis, and S. Dodgeana. The last, the smallest willow 

of the world, I found forming similar mats near the top of Electric 

Peak, southern Montana, at an altitude of 11,000 feet. When it 

was first discovered I did not know that I had been walking on 

top of a willow forest before I dropped down on my knees, 
began to poke among the leaves, and found some minute catkins. 
The following plants are common in the seep throughout the 


Rockies: 
Poa alpina Sagina saginoides 
Poa cenisia Ranunculus pygmaeus 
Poa arctica Ranunculus hyperboreus 
Juncoides spicatum *A quilegia coerulea 
Salix petrophila Draba fladnizensis 
Salix saximontana Rhodiola integrifolia 
Oxyria digyna Saxifraga cernua 
Alsinopsis propinqua Cerastium behringianum 
Alsine baicalensis Mertensia alpina 
Alsine laeta Myosotis alpestris 
Muscaria adscendens Taraxacum scopulorum 
Micranthes rhomboidea Artemisia scopulorum 
Leptasea flagellaris Senecio cymbalarioides 
Sibbaldia procumbens Juncus Drummondii 
Trifolium Brandegei Juncus Parryi 
Trifolium Parryi Juncus triglumis 


*Vaccinium caespitosum 


Juncus castaneus 


Primula angustifolia 
Polemonium pulcherrimum 


Chondrophyila americana 


| 

| 

| 
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The following are important plants belonging to this formation, 
but limited to the southern Rockies: 


Ranunculus Macauleyi Oreochrysum Parryi 
Rhodiola polygama Artemisia saxatilis 
Cerastium Earlei Artemisia Pattersonii 
Trifolium Brandegei Saxifraga debilis 


Relatives of Trifolium dasy- Mertensia brevistyla 
phyllum (T. stenolobum, T. Mertensia viridula 
attenuatum, T. bracteolatum Mertensia lateriflora 


and T. lividum) Mertensia Bakeri 
Anthropogon barbellatum Pentstemon stenosepalum 
Polemonium confertum and_ Salix pseudolapporum 

its relatives Senecio Holmei 
Micranthes arnoglossa Senecio taraxacoides 
Leptasea chrysantha Senecio Soldanella 
Muscaria delicatula Senecio crocatus 


Tonestus pygmaeus 


The following are common in the northern Rockies, but not 
found in the southern: 


Salix cascadensis Micranthes stellaris 
Salix nivalis Micranthes Rydbergii 
Draba lonchocarpa Micranthes hieracifolia 
Draba nivalis Dasystephana glauca 
Saxifraga rivularis Polemonium viscosum 
Muscaria caespitosa Ranunculus saxicola 


The following belong to this formation but are merely local or 


rare: 
Southern 
Delphinium alpestre Micranthes Vreelandii 
Alsinopsis quadrivalvis Leptasea Hirculus 
Alsinopsis Rossii Polemonium Brandeget 
Sagina nivalis Draba Parryi 
Alsine polygonoides Cerastium pulchellum 
Chrysosplenium tetrandrum Mertensia Parryi 
Muscaria micropetala Artemisia spithamaea 


Micranthes brachypus Artemisia Parryi 


| 
| 
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Northern 


Salix Dodgeana Micranthes Vreelandii 
Alsinopsis quadrivalvis Leptasea Hirculus 
Alsinopsis Rossii Leptasea Van Bruntiae 
Alsine polygonoides Polemonium parviflorum 
Chrysosplenium tetrandrum Chondrophylla Fremontii 
Muscaria monticola Artemisia spithamaea 


Micranthes crenatifolia 


5. ALPINE MEADOWS 


The more or less mesophytic part of the alpine region may be 
called the alpine meadow. It is found in the less sloping parts of 
the mountains, where more humus and alluvial soil has had a 
chance to collect. Of course, the more characteristic plants in 
such localities are grasses and sedges. 

The most important and most common of the grasses are the 
different species of Poa, Phleum alpinum, Trisetum subspicatum, 
Agropyrum biflorum, Festuca saximontana, and in the wetter 
places, especially on brook banks, Deschampsia caespitosa and D. 


_alpicola. On the slopes Festuca ingrata and F. Thurberi are also 


important, but not to such an extent as they are in the subalpine 
and mountain region. The sedges and rushes occupy mostly the 
wetter parts, which stand on the borderland of bogs. There are, 
however, localities which must be classified as meadows, where 
the predominating plants are other than grasses and sedges. In 
many places many acres are covered wich mostly Acomastylis 
turbinata or Rydbergia grandiflora in the southern, and Acomastylis 
sericea in the northern Rockies. 

The common species of the meadow formations throughout 
the whole region are the following: 


Phleum alpinum *Poa epilis 
Deschampsia caespitosa Poa leptocoma 
Trisetum subspicatum * Festuca ingrata 
Trisetum majus Festuca saximontana 
*Danthonia intermedia Festuca rubra 
*Poa longiligula *A gropyron caninum 


*Poa Buckleyana Agropyron biflorum 
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Juncoides spicatum 
Juncoides parviflorum 
Bistorta bistortoides 
Bistorta linearifolia 
Alsine laeta 
Cerastium behringianum 
Thalictrum alpinum 
*Aquilegia flavescens 
Clementsia rhodantha 
*Potentilla diversifolia 
Potentilla glaucophylla 
Potentilla rubripes 
Acomastylis turbinata 
Sieversia ciliata 
*A grostis hyemalis 
*Alopecurus aristulatus 
Juncus Drummondii 
Juncus Parryi 
Juncus triglumis 
Juncus castaneus 
«Primula Parryi 
*Vaccinium scoparium 
*Vaccinium oreophilum 
*Androsace subumbellata 
Amarella plebeja 


The following are common plants of the alpine meadow, but 
are restricted to either the southern or the northern Rockies: 


Blepharoneuron tricholepis 
Deschampsia alpicola 
Poa alpicola 
Poa Grayana 
*Poa Sheldoni 
Poa pudica 
* Festuca Thurberi 
Anemone zephyrea 
*Sidalcea candida 


*Amarella strictiflora 
*Castilleja rhexifolia 
*Castilleja lauta 
*Castilleja lancifolia 
Besseya alpina 
*Campanula Parryi 
Campanula petiolata 
Trifolium nanum 
Trifolium Parryi 
Lloydea serotina 
*Tium alpinum 
*Atelophragma elegans 
Aragallus deflexus 
Phacelia sericea 
Phacelia ciliosa 
*Pedicularis racemosa 
Pedicularis Parryi 
Aster apricus 
Rydbergia grandiflora 
*Senecio pseudaureus 
Solidago oreophila 
Solidago decumbens 
Solidago ciliosa 
*Erigeron glabellus 


Southern 


Draba streptocarpa 
Angelica Grayi 
Primula angustifolia 
Polemonium speciosum 
Polemonium confertum 
Polemonium mellitum 
Valeriana acutiloba 
Castilleja brunescens 
Campanula uniflora 
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Achillea subalpina Pseudocymopterus purpureus 

Arnica Parryi *Mertensia alpina 
*Senecio amplectens Mertensia brevistyla 

Oreochrysum Parryi Aster alpinus 

Northern 

Tofieldia palustris Acomastylis sericea 
Juncoides arcticum *Trifolium Haydeni 
Juncoides arcuatum Phacelia alpina 
Juncoides hyperboreum Angelica Roseana 
Juncus biglumis Polemonium viscosum 
Drymocallis pseudorupestris Valeriana septentrionalis 


6. ALPINE BOGS 

The principal hydrophytic formation of the alpine regions are 
the alpine bogs or wet meadows, situated on the mountain sides 
where the drainage is imperfect or where the water supply is 
greatly increased by melting snowdrifts above. These are of two 
kinds, either sedge bogs, where grasses and sedges are predomi- 
nant, or willow bogs where the principal species are shrubs. The 
latter are rare above timber-line in the southern Rockies. 


SEDGE BOGS 


Little needs to be said of the sedge bogs, as they resemble 
similar bogs in any part of the colder regions, only that the indi- 
vidual species vary. With the sedges are usually mixed in a con- 
siderable amount of grasses as Alopecurus aristulatus, Calamagrostis 
Langsdorfii, Poa leptocoma and Poa reflexa, the cotton grass, Erio- 
phorum gracile, and other more conspicuous plants as the little 
red elephant, Elephantella groenlandica. 

The principal plants of this formation are: 


Carex (many species) Calamagrostis Langsdorfit 
*Eriophorum gracile Poa leptocoma 
*Eriophorum polystachyum *Poa reflexa 
*Alopecurus aristulatus *Phleum alpinum 


* These are found only near the timber-line, otherwise belonging to the subalpine 
region. 
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Scirpus pauciflorus Swertia palustris 

Scirpus caespitosus *Pyrola uliginosa 

Bistorta bistortoides Veronica Wormskjoldi 
Bistorta vivipara *Elephantella groenlandica 
Ranunculus affinis Amarella scopulina 
Thalictrum alpinum Amarella strictiflora 
Vaccinium oreophilum Antennaria nardina 


Primula Parryi 


To this formation belong also the following species restricted 
to a part of the region: 


Southern Northern 
Caltha rotundifolia Caltha leptosepala 
Ranunculus stenolobus Caltha Cheledonii 


*Senecio atratus 
Ligusticum Porteri 


WILLOW BOGS 


These willow bogs are not exclusively alpine, as most of the 
species there are found also in the subalpine region. They are not 
so common in the southern Rockies as they are in the northern. 
In Colorado, the shrubby species consist mostly of Salix glaucops 
and Betula glandulosa, although other species of willows, as for 
instance S. chlorophylla, are not rare. Kalmia microphylla is very 
local there. In the northern Rockies the number of species is 
increased. More species of Salix are found and S. chlorophylla 
becomes more predominant. Alnus sinuata is added to Betula 
glandulosa. Sometimes, especially in pockets on the northern 
slopes, the predominant plants are ericaceous, viz., Kalmia 
microphylla, Ledum glandulosum, Phyllodoce empetriformis, and 
P. glanduliflora. In the Canadian Rockies evidently are added 
to these, Arctuos and Oxycoccus. The herbaceous plants are 
mostly the same as in the sedge bogs, Elephantella and Pyrola 
uliginosa being conspicuous, especially in the subalpine regions. 

The shrubby plants characteristic of the willow bogs are the 
following: 


- Salix chlorophylla Salix saximontana 
Salix glaucops Salix monticola 
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*Betula glandulosa Phyllodoce glanduliflora 
*Alnus sinuata _ Kalmia microphylla 
| Phyllodoce empetriformis *Ledum glandulosum 
In the Canadian Rockies are added to these: 
Salix alexensis Salix Barattiana 
Salix arbusculoides Salix Drummondiana 


7. SNOW DRIFT FORMATION 

This special formation is made up of hydrophytic plants, 
nearly all of the family Ranunculaceae. The other plants are 
such as are only occasionally found in these peculiar situations. 
‘This formation could be included in the alpine seeps on account 
of their moisture, but the ground is neither rocky nor does it con- 
tain much humus. As a rule the soil is considerably clayey. In 
reality it is a part of the alpine meadow, modified by the slowly 
melting snowdrifts. The formation is found only in hollows or on 
gentle slopes, where large snowdrifts have lodged during the winter 
and the ground does not become bare before late in the summer. 
The grasses and most other meadow or bog plants could not with. 
stand such severe conditions. Where the snowdrifts have been the 
ground is perfectly bare or nearly so, except for these peculiar 
plants, which appear as soon as the snow has melted and the 
ground has had time to thaw a few inches deep. Sometimes they 
even come up through the snow. Hence, the stories of the snow 
plants often heard of are not altogether “ fakes.” 

This formation is principally made up of the following plants: 


Southern Northern 
Ranunculus adoneus Ranunculus eximius 
Ranunculus alismaefolius Ranunculus alismaefolius 
Ranunculus stenolobus Caltha leptosepala 
Caltha rotundifolia Caltha Cheledonii 


8. ALPINE LAKES 


The aquatic flora of the alpine region is rather meagre. All 
the phanerogams and fernworts found there are found also in the 
subarctic region, in fact, are boreal plants of wide distribution. 

The flora of the alpine lakes is limited to the following phanero- 
gams and fernworts: 
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Southern Rockies Northern Rockies 
Sparganium angustifolium Sparganium angustifolium 
*Potamogeton alpinus Sparganium minimum 
* Utricularia vulgaris Potamogeton alpinus 
Callitriche palustris Callitriche palustris 
Tsoetes paupercula Isoetes Bolanderi 


In the alpine brooks are found Catabrosa aquatica and Phippsia 
algida, the latter having been collected at one locality in Colorado. 
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some important particular. If users of the Index will call the attention of the editor 


to errors or omissions, their kindness will be appreciated. 

This Index is reprinted monthly on cards, and furnished in this form to subscribers 
at the rate of one cent for each card, Selections of cards are not permitted ; each 
subscriber must take all cards published during the term of his subscription, Corre- 


spondence relating to the card issue should be addressed to the Treasurer of the Torrey 
Botanical Club, 


Appleman, C. O. Biochemical study of after-ripening in the potato 
tuber. Science II. 39: 294. 20 F 1914. 

Appleman, C. O. Metabolic changes in potato tubers during sprout- 

‘ing. Science II. 39: 293, 294. 20 F 1914. 

Arthur, J. C., & Kern, F. D. North American species of Peridermium 
on pine. Mycologia 6: 109-138. 30 My 1914. 
Includes Peridermium guatemalense and P. californicum, spp. nov. 

Bailey, I. W., & Ames, J. S. Primitive characters recalled by the 
chestnut-bark disease and other stimuli. Science II. 39: 290. 20 
F 1914. 

Bailey, V. The wild cotton plant (Thurberia thespesioides) in Arizona. 
Bull. Torrey Club 41: 301-306. f. 1, 2. 30 My 1914. 

Bancroft, C. K. Fungus notes. Jour. Bd. Agr. Brit. Guiana 7: 141. 
Ja 1914. 

Bancroft, C. K., & Hunte, R. L. A fungus disease of “peppers” 
(Capsicum spp.), Colletotrichum nigrum. Jour. Bd. Agr. Brit. Guiana 
7: 139-140. Ja 1914. 

Beattie, F. S. Georgia geniculata in New Hampshire. Bryologist 17: 
48. 11 Je 1914. 

Belling, J. A study of semi-sterility. Jour. Heredity 5: 65-73. f. 5-10 
30 Ja 1914. 
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Berry, E. W. Contributions to the Mesozoic flora of the Atlantic 
coastal plain, X.—Maryland. Bull. Torrey Club 41: 295-300. 
30 My 1914. 

Berry, E. W. Two new tertiary species of Trapa. eye 14: 105- 
108. f. 7. 8 Je 1914. 

Trapa wilcoxensis and T. alabamensis, spp. nov. 

Bisset, P. The James River walnut. Jour. Heredity 5: 98-101. f. 
I, 2. 28 F 1914. 

Blodgett, F. H. Development of the embryo and the germination in 
Lemna perpusilla. Science II. 39: 292. 20 F 1914. 

Blodgett, F. H. Homologies of the frond in Lemna. Science II. 39: 
291, 292. 20 F 1914. 

Brainerd, E. The blackberries of Vermont. Bull. Vermont Bot. 
Club 9: 9-15. Ap 1914. 

Britton, E. G. The preservation of our native plants. Jour. N. Y. 

, Bot. Gard. 15: 113, 114. My 1914. : 

Britton, N. L. Botanical exploration in Porto Rico and islands adja- 
cent. Jour. N. Y. Bot. Gard. 1§: 95-103. pl. 132-134. My 1914. 

Britton, N. L. Charles Budd Robinson. Jour. N. Y. Bot. Gard. 15: 
106. My 1914. 

Brown, N.A. A snapdragon wilt due to Verticillium. Phytopathology 
4: 217. 25 Je 1914. 

Bryan, G. S. The archegonium of Sphagnum subsecundum. Science 
II. 39: 290. 20 F 1914. 

Butler, O. Bordeaux mixture: I. Physico-chemical studies. Phyto- 
pathology 4: 125-180. pl. 7, 8 +f. 1-3. 25 Je 1914. 

Caldwell, J. S. The effect of antagonistic or balanced solutions con- 
taining sodium chloride together with one of the chlorides of calcium, 
magnesium, potassium, strontium, ammonium, or copper, upon the 
growth of corn plants rooted in an artificial soil. Science II. 39: 
293. 20 F 1914. 

Campbell, D. H. On the structure and relationships of Macroglossum. 
Science II. 39: 290, 291. 20 F 1914. 

Candolle, C. de. Piperaceae. II. In Pax F., Plantae novae Bolivi- 
anae—VI. Repert. Sp. Nov. 13: 304-311. 5 My 1914. 

Includes eight new species in Peperomia and five in Piper from Bolivia. 

Castle, W. E. An apple chimera. Jour. Heredity 5: 200-202. f. 8. 
25 Ap 1914. 

Castle, W. E. Pure lines and selection. Jour. Heredity 5: 93-97. 
28 F 1914. : 
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Collins, F. S. Opuntia vulgaris on Cape Cod. Rhodora 16: 101-104. 
8 Je 1914. 

Collins, G. N. Pueblo Indian maize breeding. ati Heredity 5: 
255-268. f. 5-13. 25 My 1914. 

Cook, M. T. Notes on economic fungi. Puytasatholien’ 4: 201-203. 
f. 1,2. 25 Je 1914. 

Cook, M. T., & Wilson, G. W. Cladosporium disease of Ampelopsis 
tricuspidatum. Phytopathology 4: 189, 190. f. r. 25 Je 1914. 

- Cook, O. F. The existence of species. Jour. Heredity 5: 155-158. 
26 Mr 1914. ; 

Cook, O. F. Sexual inequality in hemp. Jour. Heredity 5: 203-206. 
f.9, 10. 25 Ap 1914. 

Deane, W. William Whitman Bailey. Rhodora 16: 97-101. 8 Je 
1914. 

Denslow, H. M. Notes on some orchids of Fairlee, Vt. - Bull. Vermont 
Bot. Club 9: 23-25. Ap 1914. 

Eggleston, W. W. A trip to Stanislaus forest, California. Bull. 
Vermont Bot. Club 9: 22, 23. Ap 1914. 

Engler, A. Influence of source of seed. Jour. Heredity 5: 185, 186. 
26 Mr 1914. 

Fernald, M.L. The narrow-leaved variety of Salix pyrifolia. Rhodora 
16: 116. 8 Je 1914. 
Salix pyrifolia Anderss. var. lanceolata (Bebb.). 

Freeman, G. F. Physiological correlations and climatic reactions in 
alfalfa breeding. Am. Nat. 48: 356-368. Je 1914. 

Gerould, J. H. Species-building by hybridization and mutation. 
Am. Nat. 48: 321-338. Je 1914. 

Gilbert, A. W. The science of genetics. Jour. Heredity 5: 235-243. 
f. 1, 2. 25 My 1914. 

Greene, E. L. Novitates boreali-americanae. VII. Repert Sp. Nov. 


13: 320-324. 5 My 1914. 
Includes new species in A quilegia (2), Aconitum (1), Vancoureria (5), Dodecatheon 
(2), Callisteris (1), and Agoseris (1). 


Griffiths, D. ‘‘ Reversion” in prickly pears. Jour. Heredity 5: 222- 
225. f. 13, 14. .25 Ap 1914. 

Hamet, R. Uber zwei neue amerikanische Sebeni Bot. Jahrb. Beib. 
50: 25-27. 5 My 1914. 

Harper, R. A. Physical factors in cleavage of coenocytes. Science 
IT. 39: 295. 20 F 1914. 
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Hasse, H. E. A new Reinkella from Mexico,—Reinkella Parishii 
Hasse. Bryologist 17: 45, 46. 11 Je 1914. 

Hedgcock, G. G. Notes on some diseases of trees in our national 
forests—IV. Phytopathology 4: 181-188. 25 Je 1914. 

Hedgcock, G. G., & Long, W. H. The alternate stage of Peridermium 
pyriforme. 1-3. Washington. 12 Je 1914. 

Herter, W. Lycopodium Sydowiorum spec. nov. Repert. Sp. Nov. 
13: 296. 5 My 1914. 

Hill, E. J. Whorled leaves in Gentiana. Torreya 14: 108. 8 Je 1914. 

Holzinger, J. M. Jypopterygium japonicum in North America. 
Bryologist 17: 44, 45. pl. 9. 11 Je 1914. 

Howe, I. A. Botanizing at St. Johnsbury. Bull. Vermont Bot. Club 
9: 26, 27. Ap 1914. 

Howe, M. A. Some midwinter algae of Long Island Sound. Torreya 
14: 97-101. 8 Je 1914. 

Hull, E. D. Occurrence of the Indian pipe (Monotropa uniflora) in 
a xerophytic habitat. Torreya 14: 101-105. 8 Je 1914. 

Hume, H. H. Planting persimmons. Jour. Heredity 5: 131-138. 
f. 16-19. 28 F 1914. 

Hutchinson, J. Lonicera Ledebourii. Curt. Bot. Mag. IV. 10: pl. 
8555. My 1914. 
A plant from California. 

Jennings, O. E. Notes on the pteridophytes of the north shore of 
Lake Superior—II. Am. Fern Jour. 4: 68-73. Je 1914. 

Jennison, H. M. Symbols vs. terminology in ascomycetes. Phyto- 
pathology 4: 216. 25 Je 1914. : 

Jewett, H.S. An interesting moss. Bryologist 17: 42-44. 11 Je 1914. 
Ambystegium sp. 

Johnson, J. The control of damping-off disease in plant beds. Wis- 
consin Agr. Exp. Sta. Research Bull. 31: 29-61. 1914. [Illust.] 

Keefer, W. E. Pathological histology of Endothia canker of chestnut. 
Phytopathology 4: 191-200. f. 1-3. 25 Je 1914. 

Kellerman, K. F. Relation of bacterial transformations of soil nitrogen 
to nutrition of citrous plants. Jour. Agr. Research 2: 101-113. 
f. 1-7. 25 My 1914. 

Kirk, G. L. Aspidium Filix-mas in western Vermont. Bull. Vermont 
Bot. Club g: 28. Ap 1914. 

Knowlton, C. H. Ferns and their allies in southern Franklin County, 
Maine. Am. Fern Jour. 4: 57-64. Je 1914.  [Illust.] 
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Knowlton, C. H. The original flora of the Old Colony. Rhodora 16: 
113-116. 8 Je 1914. 

Plymouth Colony. 

Knowlton, C. H., & Deane, W. Reports of the flora of the Boston 
district,—XIX. Rhodora 16: 106-113. 8 Je 1914. 

Kunkel, L. O. Physical and chemical factors influencing the toxicity 
of inorganic salts to Monilia sitophila (Mont.) Sacc. Bull. Torrey 
Club 41: 265-293. f. 1, 2. 30 My 1914. 

Long, W. H. The death of chestnuts and oaks due to Armillaria 
mellea. U.S. Dept. Agr. Bull. 89: 1-9. pl. 1, 2. 22 My 1914. 
Lorenz, A. Notes on Maine Hepaticae and their comparison with the 
Hepaticae of the Sarekgebirge. Bryologist 17: 28, 29. 24 Mr 

1914; Bryologist 17: 40-42. 11 Je 1914. 

Macoun, J. List of plants in flower in the vicinity of Sidney, Van- 
couver Island, March 1914. Ottawa Nat. 28: 36-38. My 1914. 

Macbride, T. H. Mountain Myxomycetes. Mycologia 6: 146-149. 
30 My 1914. 

Maney, T. J. Effect of potato scab treatments on seed vitality. 
Formaldehyde and corrosive sublimate solutions and formaldehyde 
gas. lowa Agr. Exp. Sta. Bull. 148: 39-60. pl. 1-73. Ap 1914. 

Mansfield, W. The papain of commerce. Practical Druggist 32: 
244-246. Je 1914.  [Illust.] 

Carica Papaya. 

McAllister, F. The pyrenoid of Anthoceros. Science II. 39: 295. 20 
F 1914. 

McCubbin, W. A. Photographing leaf spots. Phytopathology 4: 215. 
25 Je 1914. 

Merrill, G. K. Lichens from Vancouver Island. Ottawa Nat. 28: 
33-36. My 1914. 


Includes Arthonia Macounii sp. nov. 

Meyer, F. N. Collecting in Turkestan. Jour. Heredity 5: 159-169. 
f. 4-10. 26 Mr 1914. 

Meyer, F. N. Seeking plant immigrants. Jour. Heredity 5: 111-121. 
f. 4-11. 28 F 1914. 

Morgan, E. D. Medicinal plants of Hartland. Bull. Vermont Bot. 
Club 9g: 15-20. Ap 1914. ; 

Morris, R. T. Chestnut blight resistance. Jour. Heredity 5: 26-29. 
f. 14, 15. 28 D 1913. 


Mottier, D. M. Resistance of certain fern prothallia to extreme 
desiccation. Science II. 39: 295. 20 F 1914. 
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Muncie, J. H. Two Michigan bean diseases. Michigan Agr. Exp. 
Sta. Special Bull. 68: 1-12. Mr 1914.  [Illust.] 
Glomerella (Colletotrichum) Lindemuthiana and Bacterium Phaseoli, 

Murrill, W. A. Agaricus xylogenus Mont. Mycologia 6: 151, 152. 
30 My 1914. 

Nagel, K. Kartographische Darstellung der Verbreitung der Juglanda- 
ceen. Bot. Jahrb. 50: 531. pl. 5, 6. 5 My 1914. 

Nagel, K. Studien iiber die Familie der Juglandaceen. Bot. Jahrb. 
50: 459-530. pl. +f.1. 5 My 1914. 

Newcombe, F.C. Twining of plants as related to withdrawal of light. 
Science II. 39: 294. 20F 1914. 

Noble, M. A. Fern hunting in Florida, in the phosphate country. 
Am. Fern Jour. 4: 65, 66. Je 1914. 

Osterhout, W. J. V. The chemical dynamics of living protoplasm. 
Science II. 39: 292. 20 F 1914. 

Osterhout, W. J. V. Differential permeability. Science II. 39: 293. 
20 F 1914. 

Palmer, E. J. Ophioglossum Engelmanni in Missouri. Am. Fern Jour. 
4: 66-68. Je 1914. 

Peltier, G. L. Report of the Illinois [floricultural] pathologist. Am. 
Florist 42: 432-434. 21 Mr 1914. 
This report is especially devoted to carnation diseases. 

Pittier, H. Malvales novae panamenses. Repert. Sp. Nov. 13: 312- 
320. 5 My 1914. 
Includes the new genera Goethalsia and Gyranthera, and new species in Theobroma 

(2), Gyranthera (1), Quararibea (2), Pachira (2), Bombax (1), Goethalsia (1), Belotia 

(1), and Sloanea (2). 

Pool, V. W., & McKay, M. B. Puccinia subnitens in the sugar beet. 
Phytopathology 4: 204-206. pl. 9. 25 Je 1914. 

[Popenoe, P.] Origin of the banana. Jour. Heredity 5: 273-280. f. 
16, 17 + frontispiece. 25 My 1914. 

[Popenoe, P.] Three new nuts. Jour. Heredity §: 179-184. f. 14-16. 
26 Mr 1914. 


Pili nut from Philippines (Canarium ovatum), Paradise nut (Lecythida zabucajo) 
from Brazil, and Queensland nut (Macadamia ternifolia). 


Purpus, J. A. Echeveria leucotricha J. A. Purpus spec. nov. Monats. 
Kakteenk. 24: 65, 66. 15 My 1914.  [Illust.] 

Rabak, F. Aroma of hops: a study of the volatile oil with relation to 
the geographical sources of the hops. Jour. Agr. Research 2: 115-_ 
159. f. 1-14. My 1914. 
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Reddick, D. Diseases of the violet. Am. Florist 42: 496-501. 28 
Mr 1914. 


Reed, G. M. Influence of light on infection of certain hosts of powdery 
mildews. Science II. 39: 294, 295. 20 F 1914. ’ 


Rees, H. L. Bitter rot of apples in the Pacific northwest. Phyto- 


pathology 4: 217-219. 25 Je 1914. 

Rusby, H. H. Tropical vegetable foods. Jour. N. Y. Bot. Gard. 15: 
107-112. My 1914. 

Schlechter, R. Philibertia H. B. et Kth. und Funastrum Fourn. 
Repert. Sp. Nov. 13: 279-287. 5 My 1914. 

Schuh, R. E. The discovery of the long-sought alga, Stictyosiphon 
tortilis. Rhodora 16: 105. 8 Je 1914. 

Schwarze, C. A. Relation of the mosaic of the pepper and the filiform 

_ leaf of the tomato to the mosaic of the tobacco. Phytopathology 4: 

42. 11 Mr 1914. 

Seaver, F. J. Observations on Sphaerosoma and allied genera. Myco- 
logia 6: 103-108. pl. 123. 30 My 1914. 

Shafer, J. A. Botanical exploration on the island of Vieques, Porto 
Rico. Jour. N. Y. Bot. Gard. 15: 103-105. My 1914. 


Slosson, M. Notes on two North American ferns. Bull. Torrey Club 
41: 307-309. pl. 7. 30 My 1914. 
Includes Adiantum rimicola sp. nov. 

Stewart, A. Some observations on the anatomy and other features of 
the black knot. Science II. 39: 291. 20 F 1914. 


Swingle, W. T. Eremocitrus, a new genus of hardy, drouth-resistant 
citrous fruits from Australia. Jour. Agr. Research 2: 85-100. pl. 
8+f.1-7. My 1914. 

Thellung, A. Lepidium bonariense L. novis varietatibus ex herbario 
Stuckertiano auctum. Repert. Sp. Nov. 13: 301-303. 5 My 1914. 

Trabut, L. Origin of cultivated oats. Jour. Heredity 5: 74-85. f. rz- 
20. 30 Ja 1914. 

Tracy, H. H. Ferns collected in the Noyo River Canyon, Mendocino 
Co., Calif., Aug. 10-14. Am. Fern Jour. 4: 64, 65. Je 1914. 

True, R. H. The harmful action of distilled water. Science II. 39: 
295, 296. 20 F 1914. 


Ule, E. Beitrage zur Kenntniss der brasilianischen Manihot-Arten. 
Bot. Jahrb. Beib. 50: 1-12. 5 My 1914. 
Includes descriptions of twe've new species. 
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Ule, E. Hevea brasiliensis Miill. Arg. im itiberschwemmungsfreien 
Gebiet des Amazonenstromes. Bot. Jahrb. Beib. 50: 13-18. 5 My 
1914. 
Van Bambeke, C. Apropos du polymorphisme de Ganoderma lucidum 
(Leys). Bull. Soc. Roy. Bot. Belgique §2: 127-133. pl. 3. Mr 1914. 
Van Fleet, W. Chestnut-breeding experience. Jour. Heredity 5: 19- 
25. f. 9-13. 28 D 1913. 
Weir, J. R. Two new wood-destroying fungi. Jour. Agr. Research 2: 
163-167. pl. 9, 10. My 1914. 
Fomes putearius and Trametes setosus spp. nov. 
Weingart, W. Cereus Martinii Lab. var. perviridis Weing. var. nov. 
Monats. Kakteenk. 24: 72-78. 15 My 1914. 
Wester, P. J. The determination of sex. Jour. Heredity 5: 207, 208. 
25 Ap 1914. 
Wheeler, L. A. New West River Valley plants. Bull. Vermont Bot. 
Club 9: 27. Ap 1914. 
Zeller, S. M. The development of Stropharia ambigua. Mycologia 6: 
139-145. pl. 124, 125. 30 My 1914. 
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